Abstract. In the IBS building maintenance, the conventional methods to the project delivery and its failure to form effective communication channel between complementary knowledge on IBS construction and related members that is conducted in the sequential manner has resulted in ineffectiveness for managing building maintenance, where a paradigm shift within the IBS traditional approach is necessary. The research results described are concerned with i) an integrated system to record, diagnose and analyse information for IBS building maintenance to detect patent or latent defect, select an effective repair method, provide appropriate planning decision and reduce risks of defect throughout the building lifetime. ii) building a decision making support in diagnosis in IBS building maintenance based on robust data collection about concrete defects and causes including in the selection of a durable replacement design and material or the proper rehabilitation method. The system development was based on analysis of number of interviews and case studies conducted with professional engineers working in IBS building maintenance departments. The paper concludes that implementing a CMMS Expert using BIM can help improve the performance of IBS building design, construction and maintenance operations.
Introduction
Maintenance management is defined as the combination of all technical, administrative and management activities of the post-construction life cycle of a facility. These activities overview are concerned with the technical specifications (e.g. method of defect identification and assessment), administrative processes (e.g. maintenance plans and general execution) and management such as contract conditions, policy and maintenance strategy related issue. In addition, it considered the maintenance factors of labour skill, interpersonal relationship, maintenance performance, material quality control and investment control in order to support the sustainable maintenance of building facility [1] . Besides, it is the recursive process of coordination and collaboration (e.g. designer and site engineer) to provide the effective service delivery of building maintenance to perform building facilities long-lived and reduction of life cycle cost [2, 3] . In general, maintenance management is considered as part of the construction sector for the larger service of post-construction activity and process. However, as IBS construction projects grow in scale and complexity, interconnections between the mentioned activities and processes can be noticed in a problematic maintenance management to monitor the defects for the corrective and preventive maintenance action [4, 5] . The management of maintenance in the complex and high-rise buildings claims a high emphasis on the systematic activity and process for the improvement of maintenance management system of IBS construction. Nevertheless, tool and technique in maintenance management are more significant than those in general maintenance management (post-construction activity and process) [6, 7] . This highlights the importance of processes and activities with involved sophisticated tool and the efficient technique for improvements.
In the IBS building maintenance, the conventional methods to the project delivery and its failure to form effective communication channel between complementary knowledge on IBS construction and related members that is conducted in the sequential manner has resulted in ineffectiveness for managing building maintenance, where a paradigm shift within the IBS traditional approach is necessary [8, 9] . Therefore, the need for sophisticated tools and efficient techniques using an appropriate Information and Communication Technology (ICT) (e.g. BIM and CMMS) for implementing an integrated approach in the design and construction could facilitate new maintenance management processes for IBS building projects in the future [6, 7] . In the meanwhile, the most maintenance industry has been generally revolved around conventional method (e.g. MS Word and MS Excel) with limited uses of 3D models for visualisation and maintenance development [10] . Recently on IBS construction sites, there are many efforts to improve the efficiency of maintenance management activities through the use of more ICT-based systems (i.e. BIM). Modern developments in BIM technology related to construction industry has been used for facilitating maintenance on various activities (failure analysis, documentation of maintenance, fault location, repair and reconstruction). An example is the bottleneck of massive data between maintenance components and building management, which can now be eliminated by converting raw data on the quality of systems and the process capability in the information and knowledge for optimal maintenance strategies [11, 12, 13] . In addition, with the development of emerging technology such as BIM, maintenance management improvements in IBS building construction has become possible [14] . Several other industry projects worldwide, for example real estate, waste management, transportation, supply chain and facility management, have been successfully completed by implementing BIM technology [15, 16, 17, 18, 19] . BIM can assists clients to determine the appropriate technology strategy and scope of each deliverable, with the intention of reducing redundancy and rework while improving performance and productivity of an operation and maintenance processes effectively in the future [20, 21, 22] . Whereas BIM related studies mainly focus on utilising sophisticated tool and efficient technique, associating decision making support in diagnosis principles can help in achieving new levels of efficiency in IBS building maintenance performance.
The developed model of decision making support in diagnosis quantifies the overall condition properly and evaluates the possible alternatives regarding selecting a solution for building improvements [23] [24] . Sustainability involves issues such as the design and management of buildings; materials performance; operation and maintenance; long-term monitoring; and the dissemination of knowledge in related technical contexts. Besides, most of the available decision making support in diagnosis guidelines and tools are only used after the design of the IBS building project is about to be completed [25] . Therefore, an application that utilises the intelligent objects of BIM to manage decision making support in diagnosis would provide better service delivery of IBS building maintenance. This paper proposes a CMMS Expert using BIM that not only facilitates the decision making support in diagnosis but also the ability to provide IBS component diagnosis integration for reducing risks of defect of an IBS building.
System Component
The proposed system "CMMS Expert using BIM" comprises three components: defect report and assessment, defect diagnosis as well as defect control. These components are accessible through a BIM model user-friendly interface. Software applications can be developed in different platforms including those of BIM model with the integration of CMMS and Expert System. Based on the findings of [22] , a BIM-based platform was considered to be the most appropriate in development of the system. The conceptual design of a BIM-based platform is suitable for larger and more complex and high-rise buildings to support design consistency and visualisation, cost estimations, assessment and monitoring, retrofit planning, implementation of lean maintenance and improved construction team collaboration. [26] investigated the feasibility of tracking any potential defects and reworks using BIM-based platform in order to perform efficient operation and maintenance work, particularly in complex projects.
The defect report and assessment allows users to lodge report using the electronic facilities defect form with complete attributes in the database. The defect diagnosis is to present the user for selecting one of the three knowledge bases namely leaking, jointing and cracking in concrete including the selection of appropriate construction design or materials and repairs method recommendations. The defect control is to provide technology transfer of knowledge from designers to engineers and vice versa and it is a useful reference guide for a wide range of concrete defects risk leading to accurate analysis using design condition index. The adopted synthesis of good practices of maintenance operations in CMMS Expert using BIM is based on the findings of the interviews and case studies conducted with professional engineers working in IBS building maintenance departments [27] . This paper is part of a larger research and will only introduce and discuss the entire process of the system. This process is illustrated in the following sections.
Maintenance Management Process
The maintenance management processes are adopted into the maintenance management system (MMS) to improve the maintenance management practices at the IBS buildings. The knowledge transfer support is the new approach of this prototype system that is provided with the diagnosis of defects and decision making for structure component based on the inputs and information supplied by the user for handling the maintenance on the IBS building. Besides, the prototype system can be accessed through portable devices such as tablet and notebook at the site location with the database provided (e.g. VB.net and MS Access) for each defects and structure locations in the report assessment. The safety database is used to protect the data entry and design, construction as well as maintenance collection for the structures and facilities at the IBS buildings. The BIM can be integrated into the prototype system with the BIM platform provided (e.g. Autodesk Revit) for each knowledge feedback of the nature of defects components and their cause into the model that facilitate the assessment process in maintenance management. The data obtained in the case studies and literature review revealed that the IBS buildings are using the conventional method (paper-based reports/unsystematic database) in managing the maintenance activities for building structure and facility. This arise a problematic situation such as defects repetition (leaking, jointing and cracking) and less competent contractor that need sophisticated tools towards a solution. Presently, the implementation of ICT tools in the new system is the better improvement to lead the tremendous saving in budget, time planning and to analyse the precise data in handling the defect diagnosis and control. The integration of modern ICT tools such as BIM, CMMS and Expert System also facilitates the knowledge transfer for maintenance management processes in recommending the repair structure components needed for the efficacy of the maintenance management practices. From the case studies findings, the involved maintenance management processes are the maintenance identification (for defect report and assessment), defect and cause analysis (for defect diagnosis) and risk level analysis (for defect control) as the main stages in managing maintenance for IBS building structure and facility that described in Figure 1 . The defect report and assessment is the initial process where a technician will allege any defect component occurred in building. The defect inspection is undertaken to measure the defect performance on site and then this information will be put in the system for recorded after defect assessment value is determined. The database in the system is linked with the three software, namely, CMMS, Expert System and BIM model. The knowledge transfer can be utilised through this system when the knowledge of history for defect component from the defect report and assessment process is distributed to the engineer within same organisation. The engineer is assigned to screen each of defect component for diagnosis task in order to analyse the cause and reason of defect that ensued. The expert system can be used to examine the defect symptoms on each of component which are based on the knowledge obtained from literature searches, codes of practice, manuals, textbooks, technical reports, journals and conference proceedings, civil work reports and experienced concrete specialists. The knowledge of defect diagnosis in the expert system then is transferred to the designer in the BIM model for pursuing the design defect cause and reason and even to classify the risk level of defect component. Finally, the knowledge of design defect based on the materials specification and visual information of BIM model is transferred back to the engineer for work planning and maintenance execution. The knowledge transfer in this system will improve the defect diagnosis and decision making process for critical defect element based on the maintenance impact undertaken heading to sophisticated management and maintenance effectiveness.
System Architecture
The system architecture focuses on the collection of the structure and facility defect information for defect assessment, defect diagnosis and defect control as well as analyse the data for the execution reference in IBS building maintenance. The mobile devices such as laptop enable staff to compare and adapt the data at any facility location with the staff's report recorded in the prototype system user-interface (MS Visual Basic.NET). The staff will be able to capture the knowledge of the structure and facility defect, update about the detailing defect, and record the relevant aspect of the defect attribution into the electronic form of the system prototype. This knowledge is stored in a computer database central (MS Access) linked to the technician, engineer and designer at the maintenance organisation for further process. The information about the defect is assessed using maintenance condition index in Condition Rating Level (CRL) format for considering the current condition of the structure and its components, analysed for the maintenance defect diagnosis using the decision making process and assessed using the design condition index in Average Index Level (AIL) format for reducing the risk of design defects at the site location. The workflow is illustrated in Figure 2 , 3 and 4. The 'CMMS Expert using BIM' can be divided into three main components, which are BIM, CMMS and Expert System. Each component plays a different role in the prototype system. The BIM technology is to enable the concrete structure component design defect analysis carried out by comparing concrete structure defects and causes on 3D model including record modelling in BIM database while the CMMS to 
A CMMS Expert using BIM
This section describes the interactive portion of the system including input data validation and updates of system database in the information system prototype. The prototype system has four main functions and graphical user interfaces: i. System Login; ii. Defect Report and Assessment; iii. Defect Diagnosis; and iv. Defect Control.
System Login
The prototype system starts when the main interface, namely, "CMMS Expert using BIM" is displayed (see Figure 5 ). The login menu in the form is operated via ID and password input in allowing user such as technician and engineer to enter the prototype system. The users have to register their profile in order to report their defect, assess the current condition of the concerned building structure and undertake defect diagnosis. This user registration procedure and login application are shown in Figures 6 and 7 respectively. 
Defect Report and Assessment
After clicking on the Log in button, the user enters the 'Dash Board' form as shown in Figure 8 . In this application form, the user is provided with two menus, namely, reports and users to access other forms in the application as shown in Figures 8. Figure 9 shows the report list data involved on building structure and facility defect: The user need to click the save button for the new report details form where its information is sent to the database system in storing defect report and assessment data for IBS building structure and facility (see Figure 11 and Figure 12 ). Figure 13 shows the 'defect diagnosis' form. This form also provides the engineer with the additional data on 'cause', 'repairs design and material' and 'repairs method' button (see Figure 14 and Figure 15 ). The 'cause' functions in the 'defect diagnosis' forms allow the defect identification and needed diagnosis for the repair strategies recommendation. The concerned defect IBS component of concrete structure is identified based on the symptom setting and the defect only being diagnosed from the inputs and information supplied by the user after clicking the 'result' button at the right-side bottom of the form. Thus, the staff could address diagnostic-related issues and identification and repair or rehabilitation recommendations of IBS concrete structure which is undertaken at the site location effectively. Jointing and Cracking' analysis procedure based on the literature searches, codes of practice, manuals, textbooks, technical reports, journals and conference proceedings, civil work reports and experienced concrete specialists, which facilitates the engineer to evaluate the concrete structure information for the defect diagnosis. The result of defect diagnosis information being used to improve the performance and durability of concrete structures and is coupled to an independent BIM database management system (BIM) through Revit DB link for controlling risk of defects on design criteria for effective construction methods. Figure 16 -22 shows how the expert system database collaborated with BIM technology through knowledge transfer to perform specialised tasks, which provides the report analysis of defect diagnosis for particular IBS building components in determining an AIL. AIL numerically rates the condition of the design defect IBS concrete on a scale of 1 to 5 (Table 7) by evaluating each concrete design deficiency based on the 'Design Condition Index' form in Figure 22 . BIM model database provides the record modelling for material properties and design procedures as well as source of engineer's knowledge of the defect, its cause and repair method for structure defects using 3D model with coupled to an independent computerised expert system through Revit DB link. The designer need to double click the IBS component in 3D view for the selected record modelling where its material, design and procedure details will be displayed in the BIM model in analysing design defect information such as design concrete mix, design calculations, design details, drawings and design procedures in concrete structure. For example, the IBS component item provides the record inventory in order to meet all necessary design defect information including source of engineer's knowledge needed as shown in Figure 23 -25. 
Defect Diagnosis

Defect Control
Conclusion
This paper presented a CMMS Expert using BIM to record, diagnose and analyse information of maintenance projects. A few conclusions can be drawn from the research: • Building a CMMS Expert using BIM in an integrated way is a vital task of IBS building maintenance. Such a system can serve as a core to detect patent or latent defect of an IBS building and provide comprehensive defect diagnosis for supporting the process of decision making.
• Founding intelligent objects capability of the BIM technology of a building can assist improving IBS component diagnosis knowledge integration to reducing risks of defect throughout the IBS building lifetime.
Utilising technology to support maintenance processes and activities can have a positive impact on the delivery of service. Several systems have been developed to facilitate decision making support in diagnosis for IBS building maintenance. However, the efficient practice requires a system that can handle decision making support in diagnosis in an effective way. It is final concluded that CMMS Expert using BIM facilities will enhance the practices of decision making support in diagnosis.
